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DObjective: Although the surgical result of conventional aortic arch replacement has been improved with sophis-
ticated techniques, it is still a deeply invasive procedure. On the other hand, advanced age has been reported as
a factor of increased morbidity and mortality in patients undergoing cardiovascular surgery. The number of oc-
togenarians, however, is steadily increasing. The aim of this study is to analyze the outcome of aortic arch surgery
in octogenarians.
Methods: From January 1995 to September 2007, 113 octogenarians and 1 nonagenarian underwent aortic arch
replacement (mean age, 83.0  2.5; 60 men) in our institute. All patients underwent surgery under hypothermic
circulatory arrest. The lowest body temperature during circulatory arrest was below 22C until 2001 and 28C
after 2002. Antegrade selective cerebral perfusion or retrograde cerebral perfusion was used as an additional brain
protection technique. Emergency operations were performed in 37 (32.5%) patients; of them, 28 (75.7%) were
for acute aortic dissection. Seventy-four (64.9%) patients underwent total arch aortic replacement and the other
40 (35.1%), hemiarch aortic replacement. Concomitant operations consisted of aortic root replacement in
1 patient, aortic valve replacement in 4, and coronary artery bypass grafting in 25.
Results: The average duration of circulatory arrest, myocardial ischemic time, and pump time was 57  21, 123
 45, and 224 80minutes, respectively. The total hospital mortality was 7.9% (9/114), 5.2% (4/77) for elective
operations and 13.5% (5/37) for emergency operations (P ¼ .12). The hospital mortality was 19.2% (5/26) until
2001 and decreased to 4.5% (4/88) after 2002 (P ¼ .015). Eleven (9.6%) of the 114 patients had a perioperative
stroke, and 8 (7.0%) had transient neurologic dysfunction. Other complications were respiratory failure in
17 (14.9%) patients, bleeding in 6 (5.3%), gastrointestinal tract problems in 3 (2.6%), and mediastinitis in
1 (8.8%) patient. Chronic obstructive pulmonary disease was a multivariate predictor (P<.05) of hospital death
and emergency operation was a predictor of perioperative stroke. The postoperative 1-year survival was 84.8%,
the 3-year survival was 68.5%, and the 5-year survival was 58.1%.
Conclusions: The outcome of conventional aortic arch surgery in octogenarians is improving. The operations
were performed with an acceptable operative risk even under emergency situations, including acute aortic dissec-
tion. The conventional surgical option for aortic arch diseases should not be abandoned only because of the high
chronologic age of the patient. (J Thorac Cardiovasc Surg 2010;139:641-5)Despite recent important advances in surgical techniques,
conventional aortic arch replacement remains a highly inva-
sive procedure. On the other hand, advanced age has been
reported as a factor of increased morbidity and mortality
for patients undergoing cardiovascular surgery. It is usually
assumed that the outcomes of aortic surgery in elderly pa-
tients are poorer than those in the younger population. The
number of octogenarians, however, is steadily increasinge Department of Cardiovascular Surgery, National Cardiovascular Center,
a, Japan.
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The Journal of Thoracic and Cain developed countries.1 The aim of this study is to
review and analyze the outcomes of aortic arch surgery in
octogenarians.PATIENTS AND METHODS
Patients
From January 1995 to September 2007, 113 octogenarians and 1 nona-
genarian underwent aortic arch replacement (mean age, 83.0 2.5; 60 men)
under hypothermic circulatory arrest through a median sternotomy in our in-
stitute. Figure 1 shows the distribution of the patients by age. The lowest
body temperature during hypothermic circulatory arrest was below 22C
until 2001; however, the temperature was gradually raised up to 28C after
2002. Antegrade selective cerebral perfusion (ASCP) or retrograde cerebral
perfusion (RCP) was used as an additional brain protection technique. RCP
was used in 6 patients until 1999, and ASCP was used in all but those 6 pa-
tients in this series. Fifty-two patients had distal arch aneurysm and 2 had
pseudoaneurysm at the distal arch after graft replacement of the aorta. Emer-
gency operations were performed in 37 (32.5%) patients, and of them 28
(75.7%) were for acute aortic dissection. Seventy-four (64.9%) patients un-
derwent total arch aortic replacement, and the other 40 (35.1%) were sub-
jected to hemiarch aortic replacement.
Our institution approved this retrospective study and waived patient con-
sent requirements provided patients could not be identified.rdiovascular Surgery c Volume 139, Number 3 641
FIGURE 1. Age distribution of all patients.
Abbreviations and Acronyms
ASCP ¼ antegrade selective cerebral perfusion
RCP ¼ retrograde cerebral perfusion
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DOperative Techniques
All operative maneuvers were performed through a median sternotomy.
A short left hemicollar incision was also made to improve exposure of the
branches of the aortic arch.
The femoral artery or ascending aorta was used as a site of cannulation
for arterial return. Ascending aortic cannulation is preferable when athero-
sclerotic change in the ascending aorta is minimal on epiaortic echography,
although femoral arterial cannulation is selected when the ascending aorta
has severe atherosclerotic changes or in the presence of acute aortic dissec-
tion. The right axillary artery was additionally cannulated in patients oper-
ated on after 2000. The patients were cooled using the a-stat method of pH
control until the nasopharyngeal temperature reached 20C or 28C. Reper-
fusion and rewarming were always performed in antegrade fashion through
the side branch of the graft. A collagen woven or gelatin-impregnated knit-
ted Dacron graft was used for graft replacement. One branched graft was
used for hemiarch replacement and a quadrifurcated graft for total arch re-
placement. When total arch replacement was performed, arch vessels were
independently reconstructed with a quadrifurcated graft without en bloc
repair technique.
Open distal anastomosis was performed in all cases. The anastomosis
was always performed with complete transection of the descending aorta
distal to the left subclavian artery for total arch replacement and with com-
plete transection of the aortic arch for hemiarch replacement. The stepwise
technique was used for distal anastomosis in most patients subjected to total
arch replacement. A short graft was introduced into the lumen of the de-
scending aorta from the stump and then sewn to the aortic wall with 3-0
or 4-0 polypropylene running suture. The short graft was then pulled outFIGURE 2. Number of patients
642 The Journal of Thoracic and Cardiovascular Surgof the descending aorta. At the suture line, the graft was inverted circumfer-
entially and fixed to the aortic wall in appropriate fashion. Finally, the quad-
rifurcated graft was anastomosed to the short graft with 3-0 polypropylene
running suture. This was followed by anastomosis of the left subclavian ar-
tery, proximal anastomosis to the ascending aorta, reconstruction of the left
internal carotid artery, and final anastomosis of the brachiocephalic artery.
ASCPwas performedwith an ordinary arterial cannula in the right axillary
artery or with a balloon-tipped cannula inserted directly into the brachioce-
phalic artery from inside the aortic arch and in the left common carotid artery.
The left subclavian artery was clamped when the nasopharyngeal temperature
was below 25C, and it was perfused with a balloon-tipped cannula when the
temperature was above 25C. ASCP was continued until all arch branches
were reconstructed. Cerebral perfusion was regulated to maintain the mean
pressure in the superficial temporal arteries at around 60 mm Hg. The perfu-
sion pressure in bilateral superficial temporal arteries was monitored in most
cases. However, perfusion pressure measured at the top of the perfusion bal-
loon was used when the temporal arteries were not available.. Black box means mortality.
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TABLE 1. Univariate analysis of risk factors for hospital death
Variables No. P value
Operation
Total arch replacement 7/74 .40
Hemiarch replacement 2/40
Urgency
Elective 3/76 .03
Emergency 6/38
Concomitant operations
Yes 2/41 .58
No 5/73
Circulatory arrest
>60 min 4/42 .62
60 min 5/72
Cardiac ischemic time
3 h 8/98 .79
>3 h 1/16
Cardiopulmonary bypass
4 h 4/79 .09
>4 h 5/35
Postoperative stroke
Yes 2/11 .18
No 7/103
Hypertension
Yes 9/99 .22
No 0/15
Coronary artery disease
Yes 4/35 .42
No 5/73
Cerebral artery disease
Yes 2/26 .96
No 6/81
Diabetes
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DFor reinforcement of the stump of the aorta in case of acute aortic dissec-
tion, gelatin–resorcin–formaldehyde glue or BioGlue surgical adhesive
(CryoLife, Inc, Kennesaw, Ga) was usually applied to obliterate the false
lumen. In addition to the use of chemical glue, all stumps were reinforced
with Teflon felt strips. For total arch replacement, Teflon felt strips were
placed on the outer side of the aortic stump and a graft 5 to 7 cm in length
and 18 to 22mm in diameter was inserted into the true lumen of the descend-
ing aorta as an elephant trunk. Theywere sutured and fixedwith 5-0 polypro-
pylene running suture, obliterating the false lumen in a sandwich-like
fashion. The quadrifurcated graft was anastomosed to the stump of the
descending aorta, where sandwich-like reinforcement was applied. For
hemiarch replacement, Teflon felt strips were placed on the outer and inner
sides of the aortic stump. The stump was thus reinforced and the false lumen
obliterated in sandwich-like fashion with 5-0 polypropylene running suture.
Concomitant Procedures
Concomitant procedures included aortic valve resuspension in
28 patients, aortic valve replacement in 4, and coronary artery grafting in
25 patients.
Definitions
Hospital mortality was defined as death within the hospital. Postopera-
tive stroke was defined as newly developing neurologic deficit, confirmed
by computed tomography. Transient neurologic dysfunction was defined
as postoperative confusion, agitation, delirium, or prolonged obtundation
with negative brain computed tomographic findings and complete resolu-
tion before discharge. The neurologic diagnosis was made by neurologists.
Statistical Analysis
Values are presented as the mean  standard deviation. Data were
analyzed by the c2 test for categorical variables. Factors that tended to be
of statistically significant risk by univariate testing (P< .10) were entered
into a multivariate analysis. Stepwise logistic regression analysis of predictor
variables for hospital mortality and stroke was performed with estimate odds
ratios and 95% confidence intervals for each of the independent variables in
the model. The Kaplan–Meier estimate was used to depict survival over time.
Yes 3/12 .01
No 5/101
Hyperuricemia
Yes 0/3 .27
No 9/110
Chronic obstructive
pulmonary disease
Yes 4/15 .0006
No 3/93
Smoking
Yes 4/36 .18
No 3/70RESULTS
The average duration of circulatory arrest, myocardial is-
chemic time, and pump time was 57 21 minutes, 123 45
minutes, and 224  80 minutes, respectively.
The total hospital mortality was 7.9% (9/114), 5.2% (4/
77) for elective operations and 13.5% (5/37) for emergency
operations (P ¼ .12). All patients stayed in our hospital to
the end. The average length of hospital stay of the patients
was 36.8  26.1 days (1–89 days, median 33.9 days). The
30-day mortality was 2.6% (3/114). The cause of death
was sepsis in 3 patients, low output syndrome in 1, rupture
of residual aneurysm in 1, respiratory failure in 2, and gas-
trointestinal tract problems in 2. The hospital mortality
was 19.2% (5/26) until 2001, and it decreased to 4.5% (4/
88) after 2002 (P ¼ .015). Figure 2 shows the number of
patients distributed by year and the number of deaths in
each year. There were 19 patients aged 86 years and older.
The hospital mortality of the 19 patients was 9.7%, and
that of the rest of the younger patients was 7.2% (P ¼ .67).
In total, 11 (9.6%) patients had a perioperative stroke,
6.5% (5/77) associated with elective operations and 16.2%The Journal of Thoracic and Ca(6/37) associatedwith emergency operations (P¼ .12). Eight
(7.0%) patients had transient neurologic dysfunction.
Other complications were respiratory failure in 17 (14.9%)
patients, bleeding in 6 (5.3%), gastrointestinal tract prob-
lems in 3 (2.6%), and mediastinitis in 1 (8.8%).
Table 1 shows the results of univariate analysis of risk fac-
tors for hospital deaths, and Table 2 shows those of univar-
iate analysis of risk factors for stroke. Tables 3 and 4 show
the results of multivariate analysis of risk factors for hospital
death and perioperative stroke.rdiovascular Surgery c Volume 139, Number 3 643
TABLE 2. Univariate analysis of risk factors for stroke
Variables No. P value
Operation
Total arch replacement 9/74 .21
Hemiarch replacement 2/40
Urgency
Elective 5/76 .12
Emergency 6/38
Concomitant operations
Yes 4/41 .98
No 7/73
Circulatory arrest
>60 min 5/42 .53
60 min 6/72
Cardiopulmonary bypass
4 h 5/35 .26
>4 h 6/79
Cardiac ischemic time
3 h 10/98 .62
>3 h 1/16
Hypertension
Yes 10/99 .67
No 1/15
Coronary artery disease
Yes 4/35 .59
No 6/73
Cerebral artery disease
Yes 3/26 .66
No 7/81
Diabetes
Yes 1/12 .86
No 10/101
Hyperuricemia
Yes 0/3 .56
No 11/110
Chronic obstructive
pulmonary disease
Yes 2/15 .56
No 8/93
Smoking
Yes 5/36 .26
No 5/70
TABLE 4. Multivariate analysis of risk factors for stroke
P value Odds 95% CI
Urgency .029 4.62 1.2–18.2
CI, Confidence interval.
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DThe mean follow-up was 2.3  2.0 years. Figure 3 shows
the postoperative survival curve. The postoperative 1-year
survival was 84.8%, the 3-year survival was 68.5%, and
the 5-year survival was 58.1%.DISCUSSION
Advances in perioperative care, anesthesia management,
myocardial and brain protection during surgery, and sophis-TABLE 3. Multivariate analysis of risk factors for hospital death
P value Odds 95% CI
COPD .013 8.48 1.6–46.0
CI, Confidence interval; COPD, chronic obstructive pulmonary disease.
644 The Journal of Thoracic and Cardiovascular Surgticated techniques have resulted in favorable results of car-
diac surgery in octogenarians.2,3 However, aortic arch
surgery, which requires hypothermia and circulatory arrest,
is still an invasive intervention. The number of octogenar-
ians undergoing aortic surgery in our institute has been
steadily increasing. The reasons are the increase in average
life expectancy and the extension of the surgical indication.
The surgical outcome of aortic arch surgery is improving
recently,4 and it is natural to extend the surgical indication
to the patients of more advanced age with aortic disease.
Previous reports from our institute described that from
1991 to 1997 the postoperative mortality of septuagenarians
and octogenarians after thoracic aortic surgery was 15.6%.5
In this study, although the population was limited to octoge-
narians, the mortality rate was low; even more, it decreased
to 4.5% after 2002.
The reason for the recent improvement of surgical results
is not simple, but one of the major recent modifications of
the surgical strategy is brain protection. For brain protection,
RCP and ASCP were respectively used before 2000.
Although deep hypothermia has usually been used for brain
protection, the availability of ASCP has led to recent trends
toward use of moderate hypothermia together with circula-
tory arrest.6-10 We have used ASCP with circulatory arrestFIGURE 3. Postoperative survival curve.
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Das the standard technique since 2001, because ASCP yielded
better results than RCP under circulatory arrest in our insti-
tute.11 The system used for cerebral perfusion has gradually
beenmodified, and right axillary cannulation is now a routine
maneuver.12,13 In addition, since 2002 we have gradually
elevated the temperature of hypothermic circulatory arrest
from 20C to 28C for aortic arch surgery, as noted above.14
The ratio of emergency operations in this study was more
than 30%. Acute aortic dissection is not easy to prevent, but
early recognition and treatment of asymptomatic large aneu-
rysms in octogenarians might be possible. Our indication for
elective aortic arch surgery in octogenarians is essentially
the same as that for younger patients. When patients can still
carry out their activities of daily living, even in the ninth
decade of life, we believe the patient is in condition to
survive an aortic arch operation.
Whether an emergency surgical procedure for acute aortic
dissection should be done in octogenarians is controver-
sial.15–17 In this series, 28 patients were operated on to treat
acute aortic dissection and the hospital mortality rate was
10.7%. Our indication for acute aortic dissection in octoge-
narians is also the same as for younger patients. Unless the
patient has severe preoperative brain damage, we believe
the patient has a good chance to survive.
Kirsch and his colleagues18 reported that the actuarial sur-
vival was 79.2% at 1 year, 9% at 3 years, and 56.2% at 5
years after cardiac surgical procedures in octogenarians.
Melby and his colleagues3 reported the actuarial survival
was 82% at 1 year, 70% at 3 years, and 56% at 5 years after
aortic valve replacement in octogenarians. Aortic arch sur-
gery is still one of the most invasive procedures in cardiovas-
cular surgery. The survivals found in this study, however,
are comparable with those mentioned above.
In conclusion, the results of conventional aortic arch sur-
gery in octogenarians are improving. The operations were
performed with an acceptable operative risk even under
emergency situations, including acute aortic dissection.
The option of conventional surgery for aortic arch diseases
in octogenarians should not be abandoned only because of
the high chronologic age of the patients.
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